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(54) Method and device for detecting a state of charge of a battery assembly, and battery 
assembly charge and discharge control device 

(57) Variation of the charged amount among battery 
blocks composing a battery assembly is detected. By 
subtracting the detected value of the variation from the 
width between the upper limit value and the lower limit 
value of the charged amount, the movable range (A ~B) 
of the charged amount is found. The position of the 
present charged amount (C, star mark) is detected as 
the state of charge. For example, it is arranged that both 
ends of the movable range are 0% and 100%, and that 
the movable range is the full scale. Then, the position of 
the charged amount on this scale is specified by the 
ratio %. The detection of the state of charge in which the 
variation in charged amount and the change of the mov- 
able range are considered, is performed, and on the 
basis of this state of charge, a preferable charge and 
discharge control is performed. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to the detection 
of the state of charge of a battery assembly, and espe- 
cially relates to a method and device by which the state 
of charge can accurately be detected, even if the varia- w 
tion in charged amount among batteries composing a 
battery assembly becomes large. Furthermore, the 
present invention relates to a device by which said vari- 
ation in charged amount can easily be detected. 

15 

Description of the Related Art 

[0002] A typical electric motor car in which an electric 
motor provides the driving force has a secondary bat- 
tery (hereafter referred to simply as a battery), and the 20 
electric motor is driven by the electric power charged in 
this battery. Here, a hybrid powered automobile which is 
a type of electric motor car. will be described. 
[0003] A hybrid powered automobile has an electric 
motor and a combustion engine, and further includes an 25 
electric generator. The electric generator generates 
electric power by being driven by the combustion 
engine, and the battery is charged by the thus gener- 
ated electric power. Furthermore, the battery is also 
charged during regenerative braking. There may be a 30 
case where an electric generator also serves as an 
electric motor (motor-generator). In a hybrid powered 
automobile, the charged amount of a battery can freely 
be controlled by shifting between charge and discharge. 
[0004] For example, when slowing down on a downhill 35 
road or the like, the charged amount is raised by regen- 
erative braking. The combustion engine is then stopped 
and the vehicle runs by the output power of the electric 
motor. Thus, by utilizing the electric power obtained by 
the regenerative braking, a high energy efficiency can 40 
be achieved. When it is found that the charged amount 
is lowering, the electric generator is driven by the output 
power of the combustion engine, and the generated 
electric power is charged in the battery. 
[0005] For the control of the charged amount, previ- 45 
ously, SOC (state of charge) has been used as a quan- 
tity expressing the charged amount. SOC is the ratio of 
the occasional charged amount to the charged amount 
in the state of full charge. SOC is 100% in the state of 
full charge, and 0% in the state of no charge. It is desir- so 
able that SOC be controlled to be a value towards the 
middle of 1 00% to 0%, for example, approximately 50 to 
60%. If SOC is controlled to be such a value, the battery 
can sufficiently take in the electric power generated dur- 
ing the regenerative braking, while still being able to 55 
immediately supply sufficient electric power to the elec- 
tric motor according to the request. 
[0006] Furthermore, in an electric motor car, usually, 



the upper limit value and the lower limit value of the 
charged amount are determined. The upper limit value 
is set considering the charging efficiency, the heat evo- 
lution of a battery, and the like. Furthermore, the lower 
limit value is set considering the electric power neces- 
sary during the starting up of the combustion engine, 
and the like. The charged amount is controlled so as not 
to exceed either of the upper limit value or the lower limit 
value. 

[0007] In an electric motor car, in order to obtain a 
high voltage, a battery assembly having a number of 
batteries connected in series is commonly used. The 
temperature of the batteries composing a battery 
assembly is not equal, and, especially in the service 
environment of an automobile or the like, differences in 
temperatures among batteries arise fairly easily. Fur- 
thermore, the full capacity is different for each battery, 
and the charging efficiency (ratio of the amount of the 
current to be charged, to the amount of the supplied cur- 
rent) is also different. Therefore, there is a variation in 
the actual charged amount (rest charged amount, rest 
capacity) of each battery composing a battery assem- 
bly. 

[0008] Therefore, as shown in Fig. 1 , it is arranged to 
perform control so that the charged amount of any bat- 
tery composing a battery assembly will not exceed 
either the upper limit value or the lower limit value. At 
the upper portion of Fig. 1, the shaded area m shows 
the range of the variation in charged amount. The 
charged amount of a battery increases and decreases 
while keeping the state of the variation. In other words, 
the area m in Fig. 1 moves leftward and rightward as it 
is. In order to prevent over discharge and over charge, 
the charged amount is controlled so that the area m will 
not protrude out of the upper limit value or the lower limit 
value. Generally, if the charged amount of any one bat- 
tery has reached the upper limit value or the lower limit 
value, respective additional charge or dscharge is 
restrained. 

[0009] However, the variation in charged amount 
changes with the elapse of the operating time of a bat- 
tery, and generally gradually enlarges. Previously, there 
has been such a problem that as will be described more 
fully below, that the detection of the charged amount is 
not properly performed and the control of charge is not 
properly performed since the change of the variation is 
not considered. 

[001 0] At the lower portion in Fig. 1 , the area nV is the 
range of the variation in charged amount after being 
enlarged. It is assumed that charging is performed 
beginning from the state where area m' is positioned at 
the left end as shown in the figure. Since the enlarge- 
ment of the variation is not considered, the charge is 
controlled on the assumption that the area m* can move 
rightward by a distance equal to that before the enlarge- 
ment of the variation. However, this assumption that the 
area m' can move to the position shown by the dotted 
line is not correct. Actually, as shown in the figure, the 
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area m' reaches the upper limit value considerably ear- 
lier than the expected time. At this time, a rapid shift 
from charge to discharge is necessary. 
[001 1] Such control negatively effects drivability. In a 
hybrid powered automobile, the distribution of the driv- 
ing force between an electric motor and a combustion 
engine is controlled so that charge and discharge may 
properly be performed while tracking the amount of 
charge. If a shift from charge to discharge is suddenly 
performed, the distribution of the driving force also sud- 
denly shifts, causing the driving force to shift in stages 
and giving the occupants an uncomfortable feeling. For 
example, when an active charge is suddenly shifted to 
discharge, the combustion engine driving the electric 
generator stops and the motor-generator is shifted from 
generating mode to driving mode. These problems also 
arise similarly during the discharge. That is, the occu- 
pants may feel discomfort because of a sudden shift 
from discharge to charge. 

[0012] These problems arise because the charged 
amount is not accurately detected. As an example, as 
shown at the upper portion in Fig. 1, the center of the 
area m is set to be the representative value X of the 
charged amount. The position of the representative 
value X is found by adding one half of the width of the 
variation (D/2) to the lower limit value of the charged 
amount when the area m is positioned to the left. How- 
ever, if the change in variation is not considered, the 
representative value X is shifted from the center Y of the 
actual area m' as shown in the lower portion in Fig. 1. 
Consequently, value X used to represent the charged 
amount becomes incorrect 

[001 3] The control target value of the charged amount 
may be set to, for example, approximately SOC 60%. If 
the representative value X is wrong, this control target 
value is not achieved because the center Y (real repre- 
sentative value) exists at different position when the rep- 
resentative value X is SOC 60%. 
[0014] When the variation becomes large, a further 
problem arises. At the lower portion of Fig. 1 , when the 
area m' has reached the upper limit value of the charged 
amount, the representative value X has yet to reach the 
control target value. Even so, discharge becomes nec- 
essary so as to avoid overcharge. This results in that a 
contradiction arises in control and a suitable control 
cannot be performed. This phenomenon may arise not 
only on the charge side but also on the discharge side. 
In such a case, discharge and charge are repeated 
without achieving the control target, and consequently, 
repeated switching between charge and discharge may 
arise. 

[001 5] As descried above by using a concrete exam- 
ple, if the variation changes, the charged amount is not 
properly detected, and the control of charge may not 
properly be performed. In order to avoid such a prob- 
lem, it can also be considered that the variation theoret- 
ically is large. However, approaching the problem in this 
way results in the upper or lower limits of the charged 
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amount being wastefully limited and in the under utiliza- 
tion of battery performance. 

[001 6] Furthermore, as a related art, there is a battery 
rest capacity display device described in Japanese Pat- 

s ent Laid-Open Publication No. Hei 8-163705. In said 
publication, the state of charge is found considering the 
degradation of a battery. However, the variation in the 
charged amount of a battery is not considered, and the 
detected allowance of discharge is not accurate. 
10 [001 7] Especially, problems such as described above 
are obvious in a battery having a charging characteristic 
similar to that of a nickel hydrogen battery (NiMH). IV 
judgment is a well known SOC detecting system. In IV 
judgment SOC is found by using the fact that there is a 

is correlation between the voltage and current of a battery 
and SOC. However, a nickel hydrogen battery has such 
a charging characteristic as shown in Fig. 2. The value 
of the voltage relative to SOC is approximately constant. 
The voltage largely changes relative to SOC only in the 

20 area where SOC is nearly 100% and in the area where 
SOC is nearly 0%. IV judgment is difficult in the area 
where the voltage is constant, and the area where the 
IV judgment can suitably be performed, is limited to the 
areas of both ends. 

25 [0018] Accordingly, IV judgment cannot be used 
except when the charged amount is the upper limit 
value, the lower limit value, or a value near one of those 
values. Because of this limitation, methods wherein the 
change of the charged amount is traced by integrating 

30 the value of the current flowing through a battery are 
considered. When referring to Fig. 1, the movement of 
the area m with slanting lines is traced and, conse- 
quently, the charged amount is detected. However, dur- 
ing this tracing of the charged amount, as described 

35 above, the upper limit value or the lower limit value of 
the charged amount may be instantly detected by IV 
judgment Furthermore, in the representative value X 
for the tracing of the charged amount, an error accord- 
ing to the change (enlargement) of the variation may 

40 arise. 

[001 9] On the other hand, in the above description, it 
has been explained that there is a variation in charged 
amount of a battery composing a battery assembly. If 
the charged amount of each battery is detected, the var- 

45 iation in amount of charge amount can also be found. 
However, a nickel hydrogen battery has a charging 
characteristic of Fig. 2. While the battery is used, the 
amount of charge exists in the state of being scattered 
in a part where the voltage is constant. Accordingly, the 

so amount of charge cannot be detected by IV judgment. 
Therefore, for a nickel hydrogen or similar battery hav- 
ing a charging characteristic as shown in Fig. 2, it has 
been difficult to detect the variation in charged amount 
while the battery is used. 

55 

SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to provide 
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a method and device by which the state of charge of a 
battery assembly can property be detected considering 
the change of the variation in charged amount. Another 
object of the present invention is to provide a charge 
and discharge control device by which proper charge 
and discharge control are possible. 
[0021] Furthermore, another object of the present 
invention is to a device to detect the state of charge by 
which the variation in charged amount can easily be 
detected. 

[0022] This detecting method of the state of charge of 
the present invention is a method for detecting the state 
of charge of a battery assembly with a plurality of bat- 
tery cells connected in series, comprising: a variation 
detecting step of detecting the variation in charged 
amount among a plurality of battery blocks composing 
said battery assembly and including 1 or more pieces of 
said battery cells in each block; a movable range calcu- 
lating step of calculating the movable range of the 
charged amount, on the basis of the detected value of 
the variation and the upper and lower limit values of the 
charged amount of said battery blocks; and a step of 
detecting, as a state of charge, where in said movable 
range the present charged amount is positioned. 
[0023] The state of charge found in this way reflects 
the change of the variation, and accurately shows the 
positioning of the charged amount in the present and 
actual movable range. Accordingly, if the charged 
amount and the charge and discharge are controlled by 
using the state of charge of the present invention, the 
charged amount can smoothly be changed with the 
movable range considering the present and actual mov- 
able range. Various problems caused by not consider- 
ing the change of the variation, are thereby avoided. 
[0024] The state of charge detecting device of the 
present invention is a device for detecting the state of 
charge of a battery assembly with a plurality of battery 
cells connected in series, comprising a variation detect- 
ing means for detecting the variation in charged amount 
among a plurality of battery blocks composing said bat- 
tery assembly and including 1 or more pieces of said 
battery cells in each block, and a movable range calcu- 
lating means for calculating the movable range of the 
charged amount on the basis of the detected value of 
the variation and the upper and lower limit values of the 
charged amount of said battery blocks, and it detects, 
as a state of charge, where in said movable range the 
present charged amount is positioned. It may be prefer- 
able that the ratio of the charged amount on the scale to 
the full scale when said movable range is made to be 
the full scale, is found as a state of charge. 
[0025] The state of charge detecting device of further 
aspect of the present invention is a device which can 
detect the variation in charged amount among a plural- 
ity of battery blocks composing a battery assembly and 
including 1 or more battery cells in each block. This 
detecting device comprises: a means for detecting, as a 
first judging time, the time when the charged amount of 



a battery block with the minimum charged amount has 
reached the first judgment value; a means for detecting, 
as a second judging time, the time when the charged 
amount of a battery block with the maximum charged 

5 amount has reached the second judgment value; a 
charge and discharge amount measuring means for 
measuring the amount of charge and discharge 
between the first judging time and the second judging 
time; and a variation calculating means for calculating 

w the variation in charged amount among battery blocks 
on the basis of the first judgment value and the second 
judgment value and the measured value of the amount 
of charge and discharge 

[0026] While it has previously been necessary to know 

15 the charged amounts of all blocks in order to find the 
variation in charged amount the variation in charged 
amount can easily be found even if the charged 
amounts of all blocks are not known, according to the 
present invention. Especially, the present invention may 

20 be suitably applied to a type of battery, such as a NiMH 
battery, in which the value of the voltage relative to the 
charged amount is constant over a wide range. 
[0027] Preferably, a temperature detecting means for 
detecting the battery temperature may be included, and 

2s the calculation of the variation of said charged amount 
by using said measured value of the amount of charge 
and discharge is prohibited when the battery tempera- 
ture, at least at either time of said first judging time or 
said second judging time, is not in a specified range of 

30 temperature. When the battery is in a state of high tem- 
perature or in a state of low temperature, the accuracy 
of judging that the charged amount has reached the first 
judgment value or the second judgment value is low- 
ered and, if such a judgment result is used the error of 

35 the detected value of the state of charge increases. 
According to the present invention, when the battery 
temperature during said judgment is in the range of tem- 
perature where the judgment accuracy is low, calcula- 
tion of the variation in charged amount is not performed, 

40 so that the accuracy in detection of the variation can be 
improved, and accordingly, the accuracy in detection of 
the state of charge can also be improved. 
[0028] Furthermore, a charge and discharge control 
device of the present invention may be in the form of a 

45 device for controlling the charge and discharge of a bat- 
tery assembly with a plurality of battery cells connected 
in series, comprising a variation detecting means for 
detecting the variation in charged amount among a plu- 
rality of battery blocks composing said battery assembly 

so and including 1 or more pieces of said battery cells in 
each block, and a movable range calculating means for 
calculating the movable range of the charged amount 
on the basis of the detected value of the variation and 
the upper and lower limit values of the charged amount 

55 of said battery blocks, and it controls the amount of 
charge and discharge to the battery assembly so that 
the charged amount may be in said movable range. 
[0029] The movable range of said charged amount 
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calculated by said movable range calculating means, 
may be enlarged by a specified timing. The movable 
range calculated by the movable range calculating 
means may be more narrow than the actual movable 
range because of factors such as various types of 5 
detection errors or the environment where the battery is 
used, ff the detection result of the movable range having 
such an error is used, the total of the real movable range 
cannot be utilized for the charge and discharge control. 
According to the present invention, the detection error 10 
of the movable range is corrected by the enlarging con- 
trol of the movable range, so that the movable range 
used for the control can be brought near the actual mov- 
able range and, therefore, the battery can perform more 
efficiently, ff the movable range is excessively enlarged, 75 
the detection of the variation may be performed again. 
[0030] When the movable range of said charged 
amount is enlarged, the size of said movable range may 
be restricted so as not to exceed a specified maximum 
value. By setting the maximum value of the movable 20 
range, an excessive enlargement is avoided and a 
proper control is performed. 

[0031 ] Furthermore, the charge and discharge control 
device of another aspect of the present invention is a 
device for controlling the charge and discharge of a bat- 25 
tery assembly with a plurality of battery cells connected 
in series, comprising a judging means for judging that 
the charged amount has reached the upper limit value 
or the lower limit value for each of a plurality of battery 
blocks composing said battery assembly and including 30 
1 or more pieces of said battery cells in each block, and 
a movable range calculating means for finding, as a 
movable range of the charged amount the range of the 
charged amount between the state where the charged 
amount of a battery block with the minimum charged 35 
amount has reached the lower limit value and the state 
where the charged amount of a battery block with the 
maximum charged amount has reached the upper limit 
value, and it controls the amount of charge and dis- 
charge to the battery assembly so that the charged 40 
amount may be in said movable range. Trie control 
device of this mode may comprise an ammeter for 
detecting the current flowing through the battery assem- 
bly and a voltmeter for measuring the voltage of each 
battery block, and said judging means judges that the as 
charged amount of a battery block has reached the 
upper limit value or the lower limit value by IV judgment 
based on the detected value of the current and the 
detected value of the voltage. 

[0032] Furthermore, the position of said charged so 
amount within said movable range may be calculated on 
the basis of the amount of charge and discharge found 
by accumulating the detected values of the current 
[0033] Still further, the battery ceil composing said 
battery assembly may be a nickel hydrogen battery, and ss 
the upper limit value and the lower limit value of the 
charged amount may be set in the area where the 
amount of change of the voltage relative to the charged 



amount is not constant and said IV judgment can suita- 
bly be performed. 

[0034] As described above, the present invention is 
especially suitably applicable to a battery, such as a 
nickel hydrogen battery, in which the value of the volt- 
age relative to the charged amount is constant over a 
wide range. Furthermore, when this invention is applied 
to a hybrid powered automobile, the control device 
which controls an electric motor, an electric generator, 
and a combustion engine while monitoring the state of 
charge, functions as the total or a part of the charge and 
discharge control device, for a battery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] 

Fig. 1 is a figure for explaining a problem resulting 
in charge and discharge control when the change of 
the variation in charged amount is not considered; 
Fig. 2 is a figure showing the charging characteris- 
tic of a nickel hydrogen battery; 
Fig. 3 is a figure explaining the detection of the 
state of charge of a battery as the principle of the 
present invention; 

Fig. 4 is a figure explaining the detection of the var- 
iation in charged amount among batteries as the 
principle of the present invention; 
Fig. 5 is a figure showing the arrangement of a 
hybrid powered automobile of an embodiment of 
the present invention; 

Fig. 6 is a figure showing the arrangement of a 
detecting device of the state of charge of the 
embodiment which is a part of the system in Fig. 5; 
Fig. 7 is a figure showing the principle of the detec- 
tion of the variation in charged amount by the 
device in Fig. 6; 

Fig. 8 is a flow chart showing the processing of the 
detection of the variation according to the principle 
in Fig. 7; 

Fig. 9 is a figure showing the amount of the state of 
charge N-SOC detected by the device in Rg. 6; 
Fig. 1 0A to Rg. 1 0D are figures showing the charge 
and discharge control when the amount of the state 
of charge N-SOC of the present embodiment is 
applied; 

Rg. 1 1 A to Rg. 1 1 F are figures showing the charge 
and discharge control when the conventional 
amount of the state of charge C-SOC is applied and 
the change of the variation of the charged amount 
is not considered; and 

Rg. 1 2 is a flow chart showing the processing of the 
detection of the variation of an Embodiment 2 of the 
present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0036] Rg. 3 shows the principle of the detection of 
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the state of charge of the present invention. In the 
present invention, as shown in Fig. 3, the variation (indi- 
cated by slanting lines) in charged amount among bat- 
tery blocks composing a battery assembly is detected. 
By subtracting the detected value of the variation from 5 
the width between the upper limit value and the lower 
limit value of the charged amount, the movable range (A 
~ B) of the charged amount is found. Here, " movable 
range" refers to a range in which the charged amount 
can increase and decrease without making the charged 
amount of any battery exceed the upper limit value and 
the lower limit value. In Fig. 3, as an example, a movable 
range when the central value of the charged amount is 
made to be the representative value, is expressed. 
Where in the movable range the present charged 
amount (star C) is positioned, is detected as a state of 
charge. For example, it is arranged that both ends of the 
movable range are 0% and 1 00%, and that the movable 
range is the full scale, the position of the charged 
amount on this scale is specified by ratio (percentage). 
[0037] As shown at the lower portion in Fig. 3, the var- 
iation in charged amount enlarges as time elapses. If 
the change of variation and accompanying change in 
movable range are not considered, the state of charge 
can not properly be detected, as described above. 
According to the present invention, as shown in the fig- 
ure, a variation after being enlarged is detected, and the 
movable range (A 1 ~ B*) corresponding to the variation is 
found, and then, the state of charge is found. 
[0038] The state of charge found in this way reflects 30 
the change of variation, and accurately shows the posi- 
tioning of the charged amount in the present and actual 
movable range. Accordingly, if the charged amount and 
the charge and discharge are controlled by using the 
state of charge of the present invention, the charged 35 
amount can smoothly be changed in the movable range, 
on condition that the present and actual movable range 
are considered. Various types of problems caused by 
unconsidering the change of the variation, are dis- 
solved. 40 
[0039] Furthermore, on the basis of the detected 
value of the variation, control fully using the present and 
actual movable ranges becomes possible and wasteful 
narrowing of the movable range by estimating the varia- 
tion to be large does not occur. Accordingly, the per- 45 
formance of a battery changing with the service time 
can be maximized. 

[0040] Furthermore, in the present invention, the 
number of battery cells included in a battery block may 
be one. However, an advantage of device simplicity can so 
be achieved by gathering a plurality of battery cells and 
treating them as one battery block. The number of bat- 
teries in each block may be equal or different 
[0041] Furthermore, a battery to which the present 
invention is applied, may be any type of battery. Trie bat- ss 
tery is not limited to the example nickel hydrogen bat- 
tery. The present invention can be applied to, for 
example, a lithium ion battery, a nickel cadmium battery. 



a lead battery, or the like. However, especially, the 
present invention is especially suitably applied to a bat- 
tery in which the voltage value relative to the charged 
amount is constant in a wide range like a nickel hydro- 
gen battery. 

[0042] Furthermore, in the present invention, the 
movement of the charged amount (star mark) in the 
movable range in Fig. 3, is detected on the basis of, for 
example, the charge and discharge amount This 
method is. suitable for a type of battery such as said 
nickel hydrogen battery. However, not only this method 
but also any other method may be applied. 
[0043] Furthermore, the present invention is suitably 
applied to the detection of the state of charge of a bat- 
tery of a hybrid powered automobile. Moreover, the 
present invention can also similarly be applied to a bat- 
tery of a normal electric motor car, or a battery used in 
a system other than an automobile. 
[0044] Fig. 4 shows the principle of the detection of 
the variation in charged amount according to the 
present invention. When referring to Fig. 4, according to 
the present invention, the time when the charged 
amount of a battery block with the minimum charged 
amount has reached the first judgment value, is 
detected as the first judging time. Furthermore, the time 
when the charged amount of a battery block with the 
maximum charged amount has reached the second 
judgment value, is detected as the second judging time. 
Furthermore, the charge and discharge amount 
between the first judging time and the second judging 
time is measured. By subtracting the measured value of 
the charge and discharge amount from the width 
between the first judgment value and the second judg- 
ment value, the variation in charged amount among bat- 
tery blocks can be found as shown in the figure. 
Previously, it has been necessary to know the charged 
amounts of all blocks for finding the variation in charged 
amount. On the contrary, according to the present 
invention, the variation in charged amount can easily be 
found even if the charged amounts of all blocks are not 
known. 

[0045] Especially, the present invention is suitably 
applied to a type of battery like a nickel hydrogen bat- 
tery in which the voltage value relative to the charged 
amount is constant over a wide range. In this type of 
battery, since there is such a charging characteristic as 
shown in Fig. 2, the IV judgment as for the charged 
amounts of all batteries cannot be performed while the 
batteries are used. According to the present invention, 
the variation in charged amount is easily known by set- 
ting the first judgment value and the second judgment 
value in the area where the IV judgment is possible. Fur- 
thermore, it is a matter of course that the detecting 
method of the first and second judging times is not lim- 
ited to the IV judgment. 

[0046] Furthermore, either the first judging time or the 
second judging time may earlier be detected. It is also 
suitable to average a plurality of times of detection 
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results. Furthermore, it is preferable that the first judging 
time and the second judging time are different as shown 
in the figure. Theoretically, the variation can be detected 
even if both are equal or even if the relation of the upper 
and lower sides between both is reverse. 5 

(Embodiment 1 > 

[0047] A preferred embodiment of the present inven- 
tion will be described below illustrated by a specific w 
example. In Fig. 5 P a rough figure of a power plant of a 
vehicle to which a charge control device of the present 
invention is mounted is shown. To an output shaft 12 of 
an engine 10, a planetary carrier 20 supporting a plan- 
etary gear 1 8 of a planetary gear mechanism 1 6 is con- 15 
nected through a torsional damper 14. A sun gear 22 
and a ring gear 24 of the planetary gear mechanism 16 
are connected to rotors 30, 32 of a first motor-generator 
26 and a second motor-generator 28. respectively. The 
first and second motor-generators 26. 28 function as a 20 
three-phase alternating current generator or a three- 
phase alternating current motor. To the ring gear 24, a 
power take out gear 34 is further connected. The power 
take out gear 34 is connected to a differential gear 40 
through a chain 36 and a gear train 38. To the output 25 
side of the differential gear 40, a drive shaft 42 to the tip 
of which a driving wheel (not shown in the figure) is 
joined, is connected. By the above mentioned arrange- 
ment, the output power of the engine 10 or the first and 
second motor-generators 26, 28 is transmitted to the 30 
driving wheel, and drives the vehicle. 
[0048] In the engine 10, the output power, the rota- 
tional speed, and the like are controlled by an engine 
ECU 46 on the basis of the manipulated variable of an 
accelerator pedal 44, the environmental conditions such 35 
as cooling water temperature or intake pipe negative 
pressure, and further, the operational states of the first 
and second motor-generators 26, 28. Furthermore, the 
first and second motor-generators 26, 28 are controlled 
by a control device 48. The control device 48 includes a 40 
battery (secondary battery) 50 which supplies the elec- 
tric power to two motor-generators 26, 28 and receives 
the electric power from these. The exchanges of the 
electric power between the battery 50 and the first and 
second motor-generators 26, 28, are performed through 45 
a first inverter 52 and a second inverter 54, respectively. 
The control of two inverters 52, 54 is performed by a 
control CPU 56. This control is performed on the basis 
of the information of the operational state of the engine 
10 from the engine ECU 46, the manipulated variable of so 
the accelerator pedal 44, the manipulated variable of a 
brake pedal 58, the shift range determined by a shift 
lever 60, the state of charge of batteries, and further, the 
rotational angle 0s of the sun gear, the rotational angle 
Gc of the planetary carrier, the rotational angle 6r of the ss 
ring gear of the planetary gear mechanism 16, or the 
like. Furthermore, the rotational angles of three compo- 
nents of said planetary gear mechanism 16 are 



detected by a planetary carrier resolver 62, a sun gear 
resolver 64, and a ring gear resolver 66, respectively. 
The electric power charged in batteries, that is, the 
charged amount is calculated by a battery ECU 68. The 
control CPU 56 controls transistors Tr1 to Tr 6, Tr1 1 to 
Tr16 of the first and second inverters 52, 54, on the 
basis of the above mentioned conditions and u phase 
and v phase electric currents Iu1 , Iv1 , Iu2, Iv2 of the first 
and second motor-generators 26, 28, and further, elec- 
tric currents L1 , L2 supplied from or supplied to the bat- 
teries or the inverter on the other side, or the like. 
[0049] The rotational speed Ns of the sun gear, the 
rotational speed Nc of the planetary carrier, and the 
rotational speed Nr of the ring gear of the planetary gear 
mechanism 16 have a relation shown by the following 
expression: 

Ns=Nr-(Nr-Nc)(1 + p)/ P (1) 

where p is the gear ratio between the sun gear and the 
ring gear. That is, if two of the three rotational speeds 
Ns, Nc, Nr are determined, the other one rotational 
speed is determined. The rotational speed Nr of the ring 
gear is determined by the speed of the vehicle, and 
therefore, if either rotational speed of the rotational 
speed Nc of the planetary carrier, that is. the rotational 
speed of the engine, or the rotational speed Ns of the 
sun gear, that is, the rotational speed of the first motor- 
generator, is determined, the other is automatically 
determined. Then field currents of the first and second 
motor-generators 26, 28 are controlled according to the 
rotational speed at each time, therefore, whether these 
motor-generators shall be operated as a generator or 
operated as a motor, is determined. If two motor-gener- 
ators 26. 28 consume all generated electric power, fur- 
ther electric power is retrieved from the battery 50. If 
they generate electricity as a whole, the battery 50 is 
charged. For example, when a decrease in the charged 
amount of the battery 50 is detected by the battery ECU 
68, power is generated by either or both of two motor- 
generators 26, 28 by using a part of the torque gener- 
ated by the engine 10, and the charge to the battery 50 
is performed. Furthermore, when the charged amount 
in the battery 50 is increased, the output power of the 
engine is restrained, and the second motor-generator 
28 is operated as a motor, and the torque generated by 
this is controlled so as to be used for the running of the 
vehicle. Furthermore, during braking, either or both of 
the two motor-generators 26, 28 are operated, with the 
generated electric power being stored in the battery 50. 
[0050] Since it is difficult to predict when automobile 
braking is performed, it is desirable that the battery 50 
be in a state in which the electric power generated by 
the regenerative braking can readily be received. On the 
other hand, the battery 50 must ensure that a certain 
amount of charge is available for operating the second 
motor-generator 28 as a motor when the output power 
of the engine 10 alone cannot achieve an acceleration 
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desired by the driver In order to fulfill such condition, 
the charged amount of the battery 50 is controlled so as 
to be approximately one half of the battery capacity, that 
is, one half of the maximum electric power capable of 
being charged in the battery. 
[0051] Especially, in a hybrid powered automobile in 
which the battery can be charged by performing the 
power generation with the output power of the engine, it 
is possible, by properly controlling the charged amount 
of a battery, to sufficiently recover the regenerative elec- 
tric power during braking, raise energy efficiency, and 
achieve a desired acceleration. In other words, in a 
hybrid powered automobile, it is necessary to properly 
control the charged amount of a battery to increase 
energy efficiency and obtain a desired acceleration or 
the like. 

[0052] Fig. 6 shows a detecting device of the state of 
charge of the present embodiment which is a part of 
the system in Fig. 5. A load 70 corresponds to motor- 
generators 26, 28 in Fig. 5, and is connected to the bat- 
tery 50 through an inverter (not shown in the figure). 
The battery 50 is a battery assembly wherein a large 
number of battery cells 72 are connected in series. In 
the present embodiment, the battery cell 72 is a nickel 
hydrogen battery, and, in the battery assembly 50, 240 
battery cells 72 are included. A group each including 1 2 
pieces of battery cells 72 is treated as a battery block 
74. That is, the battery assembly 50 comprises 20 bat- 
tery blocks 74. The terminal voltage of each battery 
block 74 is detected by a voltage sensor 76 and output 
to the battery ECU 68. Furthermore, the value of the 
current flowing through the battery assembly is detected 
by a current sensor 78 and output to the battery ECU 
68. 

[0053] In the present embodiment, the upper limit 
value and the lower limit value of the charged amount 
are respectivefy set to 5.2 (AH) and 1.3 (AH). The 
amount of full charge of a nickel hydrogen battery is 6.5 
(AH). Accordingly, said upper limit value and lower limit 
value respectively correspond to the conventional SOC 
80% and SOC 20%. Furthermore, the numerical value 
of the charged amount when watched for each battery 
cell and the numerical value of the charged amount 
when watched as the total of a battery assembly, are the 
same. 

[0054] This upper limit value, 5.2 AH is employed as a 
value up to which battery overheating or lowering of the 
charging efficiency from overcharge does not arise. Fur- 
thermore, the lower limit value. 1 .3 AH is employed as a 
value down to which the electric power capable of start- 
ing up the engine by using a motor-generator can be 
ensured. 

[0055] Furthermore, the upper and lower limit values 
are both set in the area where IV judgment is possible. 
The battery ECU 68 stores the IV characteristic line at 
the time when the charged amount is 1.3 AH and 5.2 
AH. The IV characteristic line shows the relation 
between the terminal voltage of the battery block 74 and 



the value of the current flowing through the battery 50, 
for each charged amount. The battery ECU 68 performs 
the IV judgment by using the IV characteristic line on the 
basis of the input signals from the voltage sensor 76 

s and the current sensor 78. The battery ECU 68 detects, 
for each battery block 74, whether or not the charged 
amount of that block has reached the upper limit value 
or the lower limit value. On the basis of this detection 
result, when the charged amount of any one block has 

w reached the upper limit value or the lower limit value, the 
charged amount is controlled so that further charge or 
discharge may not be performed. Thus, in the present 
embodiment, the normal control of the charged amount 
is performed on the basis of the state of charge, but. for 

15 final prevention of overcharge and over discharge, IV 
judgment is used. 

[0056] Furthermore, the battery ECU 68 functions as 
a variation detecting means in the present invention and 
finds the variation in charged amount among battery 

20 blocks on the basis of said detected value of the voltage 
and detected value of the current Furthermore, the bat- 
tery ECU 68 functions as a movable range detecting 
means in the present invention and finds the amount of 
the state of charge on the basis of the detected value of 

25 the variation. The amount of the state of charge is a 
parameter expressing the charged amount of a battery 
assembly. The amount of the state of charge is N - SOC 
(to be described later) in the present embodiment, but it 
may also be another parameter in the scope of the 

30 present invention, or it may also be the charged amount 
itself. 

Detection of the variation in charged amount 

35 [0057] Fig. 7 shows the principle of the detection of 
the variation here. When the discharge of a battery 
prog-esses, the charged amount moves leftward while 
keeping the variation (area m) in Fig. 7. When the left 
end of the area m has reached the lower limit value, the 

40 battery ECU 68 detects that the charged amount of a 
battery block 74 with the least charged amount has 
reached the lower limit value using IV judgment. This IV 
judgment is originally for the prevention of ever dis- 
charge. In the present embodiment, the IV judgment at 

45 this time is utilized for the detection of the variation. The 
battery ECU 68 starts up the integration of the values of 
the current (I) input from the current sensor 78 at the 
time of the IV judgment 

[0058] Charge and discharge are next properly per- 
so formed, and the charged amount moves rightward as a 
whole, while keeping the state of the variation. The inte- 
grated value is increased during charge, and is lowered 
during discharge. The charge further progresses, and it 
is detected that the charged amount of a block with the 
55 most charged amount has reached the upper limit 
value. By subtracting the integrated value of the current 
from the IV judgment of the lower limit value to the IV 
judgment of the upper limit value, from the width 
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between the upper and lower limit values (3.9), the 
width of the variation in charged amount can be known, 
as shown in the figure. 

[0059] Fig. 8 is a flow chart showing the processing for 
said variation detection. The battery ECU 68 judges s 
whether the IV judgment of the lower limit value has 
arisen or not (S10), and starts up the integration of the 
values of the current if the IV judgment has arisen 
(S12). The values of the current (I) are integrated in a 
specified memory area. The battery ECU 68 judges 10 
whether the IV judgment of the upper limit value has 
arisen or not (S1 4), and continues the integration, if NO. 
When the IV judgment of the lower limit arises again, 
the integration of the value of the current is reset. When 
the IV judgment of the upper limit value arises at S14, is 
the integrated value of the current (El) up to that time is 
set to the width of the movable range (MHR) of the 
charged amount (S16). It is clear from Fig. 7 that the 
integrated value of the current is equal to the width of 
the movable range. Furthermore, by subtracting AAHR 20 
from the width between the upper and lower limits of the 
charged amount, the width of the variation (DAHR) of 
the charged amount is calculated (S18). 
[0060] Furthermore, the processing in said Fig. 7 and 
Fig. 8 is completely similarly realized, even when the IV 25 
judgment of the upper limit value is earlier than the IV 
judgment of the lower limit value. While the charged 
amount reciprocates between the upper limit value and 
the lower limit value, the detected values of the variation 
are obtained by turns. It is suitable to average detected 30 
values of the variation over a plurality of measurements. 
[0061] Thus, accorcfing to the present embodiment, 
the IV judgment which is originally for the prevention of 
overcharge or over discharge, is utilized for the detec- 
tion of the variation, and consequently, the variation in 35 
charged amount is easily and accurately detected. It is 
sufficient that the time when an IV judgment arises 
some time, is waited and the width of the variation is cal- 
culated, and it is unnecessary to dare to perform the 
charge and discharge or the like for the detection of the 40 
variation. 

Detection of the state of charge 

[0062] The battery ECU 68 detects the state of as 
charge, as will be described below, on the basis of the 
variation in charged amount found as mentioned above. 
When referring to Fig. 9, the upper and lower limit val- 
ues of the charged amount are set to 5.2 AH and 1 .3 AH 
as mentioned above. The central value (x mark in the so 
figure) of the scattering charged amounts is considered 
as the representative value X. Since the width of the 
variation in charged amount is DAHR, the movable 
range of the representative value X is, as shown in the 
figure, from "1 .3 + DAHR / 2" to "5.2 - DAHR / 2" . 55 
[0063] As shown at the middle portion in Fig. 9, the 
numerical value, RAHR is defined. RAHR is an inte- 
grated value of the current input from the current sensor 



76, and the unit thereof is AH similarly to the charged 
amount. RAHR is found by the battery ECU 68. RAHR 
at the time of the IV judgment of the lower limit value is 
made to be DAHR / 2. RAHR at the time of the IV judg- 
ment of the upper limit value is made to be 3.9 - DAHR 
/ 2. Accordingly, RAHR is a parameter expressing the 
charged amount found by the integration of the current, 
when letting the charged amount 1.3 AH be the refer- 
ence value (original point). Furthermore, AAHR used for 
the detection of the variation in the above mentioned 
Fig. 7 is found from the amount of change of RAHR, in 
the internal processing of the battery ECU 68. 
[0064] Next, the calculating expression of the new 
amount of the state of charge used in the present 
embodiment will be described. This amount of the state 
of charge is called new SOC, and is expressed by N- 
SOC. In the present embodiment, N-SOC's when the 
representative value of the charged amount is posi- 
tioned at the left and right ends of the movable range, 
are respectively made to be 0% and 100%. That is, the 
movable range is the full scale. The position of the 
charged amount on this scale is shown by percentage. 
N-SOC is calculated by the following Expression (2) : 



RAHR 



DAHR 



N-SOC= 



(3.9-DAHR) 



x100[%] 



(2) 



[0065] In Expression (2), the denominator is the width 
of the movable range of the charged amount (AAHR in 
Fig. 7). Furthermore, the numerator is the difference 
between the present RAHR and DAHR / 2. DAHR / 2 
corresponds to RAHR when N-SOC is 0%. DAHR in 
said Expression (2) is changed when a new detected 
value of the variation is found. At this moment, the mov- 
able range of the charged amount is also changed and 
then the scale of N-SOC is also changed. Accordingly, 
even if the charged amount is the same, the value of N- 
SOC differs accorcfing to the change of the scale. 
[0066] When referring to Fig. 5. the battery ECU 68 
outputs N-SOC to the control CPU 58 as a parameter 
expressing the charged amount The control CPU 58 
controls the motor-generators 26, 28 so that N-SOC 
may be a proper value. In the present embodiment the 
target value of N-SOC is set to 60%. The power plant in 
Fig. 4 is controlled so that the performance of a hybrid 
powered automobile may be pulled out to the utmost, 
considering the target value. At this time, the power 
plant control device functions as a charge and dis- 
charge control device properly controlling N-SOC, for 
the battery 50. Furthermore, the discharged electric 
power capable of being taken out is restricted according 
to the value of N-SOC, considering that the charged 
energy of a battery is limited. 
[0067] N-SOC is properly used for another application 
necessary in a hybrid powered automobile. For exam- 
ple, it is used to tell the rest charged amount (rest 
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capacity). The scale of N-SOC and the position of N- 
SOC on the scale are shown on an instrument panel. 
[0068] Next, by referring to Fig. 10A to Fig. 10D, the 
transition of the charged amount when N-SOC of the 
present embodiment is applied, will be described. Fig. s 
10A and Fig. 10B show the control when the variation in 
charged amount is still small. The movable range (range 
between clotted lines) is found on the basis of the 
detected value of the variation, and N-SOC is controlled 
so that the charged amount may change in this range. 10 
[0069] Furthermore, there is some error in RAHR 
because of the error of the current sensor or the miscal- 
culation of the charging efficiency. This error is 
increased little by little with the elapse of time. This error 
is compensated at the time when the IV judgment is per- is 
formed at an end portion of the movable range. The rea- 
son is that the charged amount is accurately detected 
by the IV judgment. By the compensation of RAHR, N- 
SOC is also automatically compensated. 
[0070] Fig. 1 0C and Fig. 1 0D show the control when 20 
the variation in charged amount is enlarged. The full 
scale (that is, the movable range) of N-SOC is changed 
to be narrow on the basis of the detected value of the 
variation. N-SOC is controlled so as to be in place in this 
narrowed full scale. Of course, the compensation of 25 
RAHR at the time of the IV judgment is also performed 
here. 

[0071] On the other hand, Fig. 11AtoRg. 11Fshow 
the transition of the detected value of the charged 
amount when the change of the variation is not consid- 30 
ered. Here, a conventional SOC is applied to the con- 
trol. The conventional SOC is the ratio of the occasional 
charged amount to the charged amount in the state of 
full charge. The conventional SOC is called C-SOC to 
distinguish it from N-SOC. 35 
[0072] Fig. 11A and Fig. 11B show the control when 
the variation in charged amount is still small. When the 
width of the variation is equal to 1 0% of C-SOC, accord- 
ingly, the movable range of the representative value X of 
OSOC is set from 25% to 75% (width = 50%). C-SOC 40 
is controlled so as to be in place in the movable range. 
When IV judgment of the lower limit value or the ipper 
limit value arises, C-SOC is set to 25% or 75% by com- 
pensation. 

[0073] Fig. 11C and Fig. 11D show an unsuitable con- as 
trol when the variation is enlarged. When the IV judg- 
ment of the lower limit value arises, at this moment, 
since the change of the variation is not considered, the 
representative value X of C-SOC is compensated and is 
set to 25%. It is clear from the figure that this setting is so 
inappropriate. Furthermore, charging is begun on the 
incorrect assumption that the movable range is equal to 
that in Fig. 11 A. Then, by performing the integration of 
the current. C-SOC at each time is traced. However, 
since the actual movable range is narrow, the IV judg- ss 
ment of the upper limit value arises largely earlier than 
the expected time. At this moment, C-SOC is largely 
compensated and is set to 75%. The amount of com- 



pensation is an amount of a magnitude approximately 
corresponding to the difference between the width of 
the variation before enlargement and that after enlarge- 
ment. 

[0074] Such a large compensation arises because the 
movable range is falsely set because the change of the 
variation in charged amount is not considered. Accom- 
panied with the large compensation of C-SOC, it 
becomes necessary to rapidly change the distribution of 
the driving force between the engine and the motor- 
generator, the output power is suddenly changed by 
stages, and a feeling of physical disorder is given to the 
occupants. In the present embodiment, as shown in Fig. 
10C and Fig. 10D, the charge and discharge are con- 
trolled on the basis of the actual movable range, consid- 
ering the change of the variation, and therefore, a large 
compensation does not arise. Accordingly, the arising of 
a feeling of physical disorder caused by a considerable 
compensation can be avoided. 
[0075] Furthermore, as shown in Fig. 11E and Fig. 
1 1F, the IV judgment line changes with the progress of 
the degradation of a battery proceeds, and there is such 
a tendency that the IV judgment of the upper limit or the 
lower limit arises in the early stage. For example, when 
the amount of C-SOC is still 30%, C-SOC 20% is 
detected through IV judgment. Using such a judgment 
in the early stage, an effect similar to the enlargement of 
the variation in charged amount arises, that is, the mov- 
able range is apparently narrowed because the IV judg- 
ment is performed earlier than the expected time. 
Consequently, a considerable compensation of C-SOC 
arises similarly to the above description. However, the 
present embodiment can also effectively deal with such 
a phenomenon. If N-SOC of the present embodiment is 
applied, the movable range and the scale of N-SOC 
used for the control are also changed according to said 
apparent narrowing of the movable range. Accordingly, 
such a considerable compensation as shown in Fig. 
1 1 F does not arise. Further more, a considerable com- 
pensation of C-SOC may also arise by the so-called 
memory effect. The memory effect is such a phenome- 
non that it becomes difficult for the electric power in the 
state of charge to be discharged because of the over 
charge to a battery or the like. The present embodiment 
can also similarly deal with this memory effect and the 
arising of a considerable compensation of the charged 
amount is avoided by the application of N-SOC of the 
present embodiment 

[0076] Furthermore, in the case of a control in which 
the change of the variation is not considered as shown 
in Fig. 11 A to Fig. 11 F, it is difficult to bring the central 
value of the actual C-SOC to the control target value 
because the representative value X is largely shifted 
from the central value of the charged amount On the 
other hand, in the present embodiment, N-SOC 
expresses the accurate position of the central value of 
the charged amount at all times. Accordingly, N-SOC 
60% which is the control target value, can easily be 
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achieved with surety. Contradictions on the control that 
the IV judgment arises before the achievement of the 
control target do not arise, and the accompanying hunt- 
ing phenomenon is also eliminated. 
[0077] A preferred embodiment of the present inven- s 
tion has been described above. As mentioned above, in 
the present embodiment the variation in charged 
amount of a battery block can easily be detected, even 
if a battery assembly is mounted on a hybrid powered 
automobile to be used. Then, by the application of N- w 
SOC based on the detected value of the variation, the 
detection of the charged amount is suitably performed, 
and the charge control is properly performed. 
[0078] Furthermore, in the present embodiment, as 
shown in Figs. 1 0A to 1 0D, the actual movable range at is 
each time can be fully utilized. Accordingly, there is such 
an advantage that the charging capacity of a battery can 
sufficiently be utilized. 

[0079] Furthermore, the present invention can be 
applied to a battery other than a nickel hydrogen battery. 20 
However, the present invention is especially preferably 
applied to a battery (refer to Fig. 2) such as a nickel 
hydrogen battery, in which the voltage value relative to 
the charged amount is constant in a wide range. The 
reason is that the detection of the charged amount 25 
based on the integrated value of the current is effec- 
tively utilized since the IV judgment in the total area of 
the charged amount is impossible. 
[0080] Furthermore, the present invention can also be 
applied to an electric motor car other than a hybrid pow- 30 
ered automobile. However, in a common electric motor 
car, discharge is mainly performed during the running. 
On the other hand, in a hybrid powered automobile, as 
shown in Fig. 10 or Fig. 1 1, the charged amount is con- 
trolled by the charge and discharge, and further, the 35 
control to achieve the target value of the charged 
amount is performed. In the control of a hybrid powered 
automobile like this, the present invention especially 
suitably functions. 

40 

(Embodiment 2) 

[0081] In said Embodiment 1 , it is detected by the IV 
judgment that the charged amount of one battery block 
74 has reached the upper limit value and the lower limit 4s 
value. However, when a battery is in a state of high tem- 
perature or in a state of low temperature, the judging 
accuracy of the IV judgment is low. If the result of an IV 
judgment in such a state of temperature is used, the 
error in the detected value of the variation in charged so 
amount or the detected value of the movable range also 
becomes large. Therefore, in Embodiment 2. the battery 
temperature during IV judgment is obtained, and, by 
referring to this battery temperature, the detecting accu- 
racy of the variation or the movable range is improved. 55 
[0082] The arrangement of Embodiment 2 is similar to 
the arrangement of Embodiment 1 shown in Fig. 5 and 
Fig. 6. However, in Embodiment 2. any type of battery 



temperature sensor (not shown in the figure) for detect- 
ing the temperature of the battery 50, is provided near 
the battery 50 in Fig. 6. Only one battery temperature 
sensor may be provided for the battery 50, but it is also 
possible to provide a plurality of battery temperature 
sensors so that the temperature of each battery block 
74 may individually be detected. It is further possible 
that the temperature of each battery cell 72 may individ- 
ually be detected. Thus, the number and the position of 
battery sensors can be determined at will. The detected 
value of the battery temperature sensor is input into the 
battery ECU 68. 

[0083] As described by referring to Fig. 7 and Fig. 8, 
the battery ECU 68 performs IV judgment for the detec- 
tion of the variation in charged amount That is, it is 
detected through IV judgment that the charged amount 
of a battery block 74 with the least charged amount has 
reached the lower limit value (1 .3 AH). Furthermore, it is 
detected through IV judgment that the charged amount 
of a battery block 74 with the most charged amount has 
reached the upper limit value (5.2AH). When these IV 
judgments are found, the battery ECU 68 refers to the 
detected battery temperature value, and judges 
whether or not the detected value of the temperature of 
a battery is in a specified range of allowable tempera- 
ture. The upper limit value and the lower limit value of 
this specified range of allowable temperature are 
respectively set on the basis of the battery temperature 
at which the IV judgment can be performed with an 
allowable accuracy. For a battery temperature outside of 
the range of allowable temperature, the accuracy of the 
IV judgment is lowered by a significant amount 
[0084] If the battery temperature is in said range of 
allowable temperature during the IV judgments of both 
the upper limit value and the lower limit value, the varia- 
tion in charged amount can be found similarly to 
Embodiment 1 . Then, on the basis of the detected width 
of the variation, the amount of the state of charge of the 
present invention (N-SOC) is calculated, control of 
charge and discharge of the battery 50 is performed 
based on that N-SOC. 

[0085] On the other hand, if the battery temperature is 
not in said range of allowable temperature during the IV 
judgment of at least either of the upper limit value or the 
lower limit value, the calculation of the width of the vari- 
ation by using the integrated value of the current and 
the calculation of the movable range based on the width 
of the variation are not performed. Since these numeri- 
cal values are not renewed, the previously detected and 
used width of the variation and movable range (existing 
values) are continuously used. If an IV judgment in said 
range of allowable temperature arises after that, the var- 
iation and the movable range are renewed. 
[0086] Fig. 12 is a flow chart showing a variation in 
detection processing of Embodiment 2. For steps corre- 
sponding to those in the processing shown in Fig. 8, 
corresponding labels have been given. In Embodiment 
2, as shown in the figure, the step S1 1 and the step S15 
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are added as compared with Fig. 8. When the IV judg- 
ment at S10 arises, the battery ECU 68 judges whether 
the battery temperature is in the range off allowable tem- 
perature or not (S1 1), and if YES, the process advances 
to S1 2, but if NO, it finishes the processing. Further- 5 
more, when the IV judgment at S14 arises, the battery 
ECU 68 also similarly judges whether the battery tem- 
perature is in the range of allowable temperature or not 
(S15), and if YES, it advances to S16, but if NO, the 
processing is ended. 10 
[0087] Furthermore, in the arrangement in which the 
battery temperature of each battery block 74 is individu- 
ally detected, it is considered to be suitable that the 
judgment of S11 or S15 is performed on the battery 
temperature of a battery block 74 in which the IV judg- 75 
ment has arisen. 

[0088] Furthermore, in the above description, a case 
where the IV judgment of the lower limit value arises 
earlier and the IV judgment of the upper limit value 
arises later, is described. It should be noted that even if 20 
the order of the upper limit value and the lower limit 
value is reversed, the description remains the same. 
[0089] As described above, in Embodiment 2, since 
the calculation of the variation in charged amount or the 
movable range is not performed in the range of temper- 25 
ature where the accuracy of the IV judgment is low, the 
accuracy of the calculation of these numerical values 
can be improved. 

<Embodiment3) 30 

[0090] Since there are errors in the IV judgment or the 
integration of the current used in Embodiment 1, the 
variation in charged amount or the movable range may 
be estimated to be less than the actual amounts 35 
because of those errors. In such a case, the charged 
amount is controlled so that N-SOC may fluctuate in the 
movable range estimated to be less. Accordingly, the 
whole of the actual movable range is not utilized, and 
the performance of a battery cannot completely be uti- 40 
lized. Furthermore, the fact that N-SOC fluctuates in the 
movable range estimated to be less, means that there- 
after it is difficult for the IV judgment of the upper limit 
value or the lower limit value to arise and the reobtaining 
of the variation in charged amount or the movable range 45 
is not performed. Accordingly, a state where battery per- 
formance is wasted may continue. 
[0091] Furthermore, the performance of a battery is 
largely affected by the service environments (tempera- 
ture and area). Accordingly, variation in charged amount so 
and the movable range change with, for example, the 
season. Furthermore, rf the service area of a hybrid 
powered automobile changes (for example, the vehicle 
is moved from a cold area to a warm area), the variation 
in charged amount and the movable range are changed ss 
with the change in climate. In such a case that the mov- 
able range is enlarged by the change of the environ- 
ment, a phenomenon equal to that when the movable 



range is estimated to be less arises, and the battery 
does not perform sufficiently. 
[0092] In Embodiment 3. in order to avoid such a situ- 
ation that the total of the movable range cannot be used 
as mentioned above, the battery ECU 68 performs the 
following control: 

[0093] The battery ECU 68 first detects the variation 
in charged amount by performing the IV judgments of 
the upper limit value and the lower limit value, as 
described in Embodiment 1 . From this detected value of 
the variation, the movable range is calculated. The 
scale of the movable range is, as shown by Fig. 10 and 
Expression (2), 3.9 - DAHR (AH). Here. DAHR is a 
detected value of the width of the variation in charged 
amount. Then, on the basis of this movable range, N- 
SOC at each time is calculated according to Expression 
(2)- 

[0094] As a feature of Embodiment 3, the battery ECU 
68 gradually enlarges said detected movable range with 
the elapse of time. This enlargement means the recov- 
ery of the movable range. Accompanied with the 
enlargement the variation DAHR is reduced. The 
processing of enlargement is performed so that the 
width of the movable range may be increased at a spec- 
ified speed, that is, by a specified width at a specified 
timing. 

[0095] If there is such an error that the movable range 
is estimated to be less, the error is corrected by the 
enlargement of the movable range. Then, rf the movable 
range is enlarged beyond the actual width, the IV judg- 
ment arises some time. H the IV judgments of both the 
upper and lower limit values arise, the variation is 
detected, and the movable range is renewed. Then, 
starting from the renewed movable range, the process- 
ing of enlargement of the movable range begins again. 
[0096] The battery ECU 68 cannot judge whether the 
estimation of the movable range is correct or not There- 
fore, even if the movable range is correctly estimated, 
the movable range is enlarged similarly to the above 
description. It is considered that the next IV judgment 
arises at a comparatively early time since the movable 
range is enlarged. The next detection of the variation is 
begun by this IV judgment. 

[0097] Furthermore, if the movable range enlarges too 
swiftly, there is a possibility that the frequency of the IV 
judgment is increased so that the drrvabil'rty may be 
affected. On the contrary, rf the speed of enlargement is 
too small, the effect of the error of the movable range 
remains for a long time. The speed of enlargement of 
the movable range is set considering these points and 
according to the specifications of the battery and the 
total of the power plant system. 
[0098] Furthermore, the movable range may be 
enlarged to the side of increasing of the charged 
amount (right side in Rg. 9), may be enlarged to the 
side of decreasing of the charged amount (left side in 
Rg. 9), or may be enlarged to both sides. It is supposed 
that the IV judgment of the lower limit value arises, and 
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after that, the IV judgment of the upper limit value 
arises, and then, the movable range is renewed. In this 
case, it is considered to be suitable that the movable 
range is enlarged downward. This is a case where the 
IV judgments are performed in the order shown in Fig. 8 s 
as an example. On the contrary, in a case where the IV 
judgments arise in the order of the upper limit value and 
the lower limit value, it is considered to be preferable 
that the movable range is enlarged upward. 
[0099] Furthermore, as another feature of the present w 
embodiment, the maximum value of the movable range 
is set in the control of enlargement of the movable 
range. H the movable range is gradually enlarged and 
the width thereof reaches said maximum value, further 
enlargement is prohibited. Consequently, an excessive 75 
enlargement of the movable range is avoided, and the 
degradation of the drivability caused by utilizing the 
movable range estimated to be large for the control, is 
avoided. In the present embodiment, the maximum 
value of the width of said movable range is set to 3.9 20 
(AH). The value is 60% (80% - 20%), when converted 
into a conventional type of amount of the state of charge 
(C-SOC). The reason is that the movable range cannot 
exceed 3.9 (AH). When the movable range reaches this 
maximum value, the movable range is clamped. 25 
[0100] As described above, in Embodiment 3, by the 
control of enlargement of the movable range, the mova- 
ble range used for the control can be brought near the 
real movable range, and the performance of a battery 
can more sufficiently be pulled out. Furthermore, by set- 30 
ting the maximum value of the movable range, an 
excessive enlargement is avoided and a proper control 
is performed. 

[01 01 ] Furthermore, it is also preferable to provide the 
arrangement of Embodiment 2 and the arrangement of 35 
Embodiment 3 in one system. 
[0102] While there have been descrfeed what are at 
present considered to be preferred embodiments of the 
invention, it will be understood that various modifica- 
tions may be made thereto, and it is intended that the ao 
appended claims cover all such modifications as fall 
within the true spirit and scope of the invention. 

Claims 

45 

1 . A method for detecting the state of charge of a bat- 
tery assembly with a plurality of battery cells con- 
nected in series, comprising the steps of: 

detecting a variation in charged amount among so 
a plurality of battery blocks composing said 
battery assembly and including one or more 
battery cells in each block; 
calculating a movable range of the charged 
amount on the basis of a detected value of the 55 
variation and an upper limit value and a lower 
limit value of the charged amount of said bat- 
tery blocks; and 



detecting a state of charge showing where in 
said movable range the present charged 
amount is positioned. 

2. A device for detecting the state of charge of a bat- 
tery assembly with a plurality of battery cells con- 
nected in series, comprising: 

a variation detecting means for detecting a var- 
iation in charged amount among a plurality of 
battery blocks composing said battery assem- 
bly and including one or more battery cells in 
each block; and 

a movable range calculating means for calcu- 
lating a movable range of the charged amount 
on the basis of a detected value of the variation 
and an upper limit value and a lower limit value 
of the charged amount of said battery blocks, 
wherein the position of the present charged 
amount within said movable range, is detected 
as a state of charge. 

3. The state of charge detecting device according to 
claim 2, 

wherein, when said movable range is made 
to be the full scale, a ratio of the charged amount on 
a scale to the full scale is found as the state of 
charge. 

4. The state of charge detecting device according to 
either of claim 2 or claim 3, wherein said variation 
detecting means comprises: 

means for detecting a first judging time, which 
is the time when the charged amount of a bat- 
tery block having the minimum charged 
amount has reached a first judgment value; 
means for detecting a second judging time, 
which is the time when the charged amount of 
a battery block having the maximum charged 
amount has reached a second judgment value; 
charge and discharge amount measuring 
means for measuring the amount of charge 
and discharge between the first judging time 
and the second judging time; and 
variation calculating means for calculating a 
variation in charged amount among battery 
blocks on the basis of the first judgment value 
and the second judgment value and a meas- 
ured value of the amount of charge and dis- 
charge. 

5. A device for detecting a state of charge of a battery 
assembly which can detect a variation in charged 
amount among a plurality of battery blocks compos- 
ing the battery assembly and including one or more 
battery cells in each block, comprising: 
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means lor detecting a first judging time, which 
is the time when the charged amount of a bat- 
tery block having the minimum charged 
amount has reached a first judgment value; 
means for detecting a second judging time, s 
which is the time when the charged amount of 
a battery block having the maximum charged 
amount has reached a second judgment value; 
charge and discharge amount measuring 
means for measuring the amount of charge w 
and discharge between the first judging time 
and the second judging time; and 
variation calculating means for calculating a 
variation in charged amount among battery 
blocks on the basis of the first judgment value is 
and the second judgment value and a meas- 
ured value of the amount of charge and dis- 
charge. 

6. The state of charge detecting device according to 20 
either of claim 4 or claim 5, further comprising a 
temperature detecting means for detecting battery 
temperature, 

wherein the calculation of a variation in said 
charged amount by using said measured value of 25 
the amount of charge and discharge, is prohibited, 
in a case where the battery temperature at least at 
either time of said first judging time or said second 
judging time, is not in a specified range of tempera- 
ture. 30 

7. A charge and cfischarge control device for a battery 
assembly comprising a plurality of battery cells con- 
nected in series, comprising: 

35 

variation detecting means for detecting a varia- 
tion in charged amount among a plurality of 
battery blocks composing said battery assem- 
bly and including one or more battery cells in 
each block; and 40 
movable range calculating means for calculat- 
ing a movable range of the charged amount, on 
the basis of a detected value of the variation 
and an upper limit value and a lower limit value 
of the charged amount off said battery blocks, as 
wherein said control device controls the 
amount of charge and discharge to the battery 
assembly so that the charged amount may be 
in said movable range. 

so 

8. The charge and discharge control device according 
to claim 7, wherein said variation detecting means 
further comprises: 

means for detecting a first judging time, which 55 
is the time when the charged amount of a bat- 
tery block having the minimum charged 
amount has reached a first judgment value; 



means for detecting a second judging time, 
which is the time when the charged amount of 
a battery block having the maximum charged 
amount has reached a second judgment value; 
charge and discharge amount measuring 
means for measuring the amount of charge 
and discharge between the first judging time 
and the second judging time; and 
variation calculating means for calculating a 
variation in charged amount among battery 
blocks on the basis of the first judgment value 
and the second judgment value and a meas- 
ured value of the amount of charge and dis- 
charge. 

9. The charge and discharge control device according 
to either of claim 7 or claim 8, wherein the movable 
range of said charged amount calculated by said 
movable range calculating means is enlarged by a 
specified timing after the calculation. 

10. The charge and discharge control device of a bat- 
tery assembly according to claim 9, 

wherein, during the enlargement of the mov- 
able range of said charged amount, the size of said 
movable range is restricted so as not to exceed a 
specified maximum value. 

1 1 . A charge and discharge control device for a battery 
assembly comprising a plurality of battery cells con- 
nected in series, comprising: 

judging means for judging whether or not the 
charged amount has reached an upper limit 
value or a lower limit value, for each of a plural- 
ity of battery blocks composing said battery 
assembly and including one or more battery 
cells in each block; and 

movable range calculating means for finding 
the movable range of the charged amount, 
which is the range of the charged amount 
between the state when the charged amount of 
a battery block having the minimum charged 
amount has reached the lower limit value and 
the state when the charged amount of a battery 
block having the maximum charged amount 
has reached the upper limit value, 
wherein said control device controls the 
amount of charge and discharge to the battery 
assembly so that the charged amount may be 
in said movable range. 

1 2. The charge and discharge control device according 
to claim 1 1 , comprising: 

an ammeter for detecting a current flowing 

through a battery assembly; and 

a voltmeter for measuring a voltage of each 
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battery block, 

wherein said judging means judges that the 
charged amount of a battery block has reached 
the upper limit value or the lower limit value, by 
the IV judgment based on a detected value of 5 
the current and a detected value of the voltage. 

1 3. The charge and discharge control device according 
to claim 12, 

wherein where in said movable range the 10 
charged amount is positioned, is calculated, on the 
basis of the amount of charge and discharge found 
by accumulating the detected values of the current 

1 4. The charge and discharge control device according 15 
to claim 13, 

wherein the battery cell composing said bat- 
tery assembly is a nickel hydrogen battery, and 

wherein the upper limit value and the lower 
limit value of the charged amount are set in the area 20 
where the amount of change of the voltage relative 
to the charged amount is not constant and said IV 
judgment can be performed suitably. 

15. The charge and discharge control device according 25 
to any one of claims 1 1 to 14, further comprising 

temperature detecting means for detecting bat- 
tery temperature, and 

wherein the calculation of the movable range of 30 
said charged amount is prohibited when the 
battery temperature is not in a specified range 
of temperature during the judgment by said 
judgment means. 

35 

1 6. The charge and discharge control device according 
to any one of claims 1 1 to 15, 

wherein the movable range of said charged 
amount calculated by said movable range calculat- 
ing means is enlarged by a specified timing after 40 
the calculation. 
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